The communications band uplink to the satellite is from 29 to 30 GHz. While LET has the capability to uplink over the entire band, the modulated test signal ranges from 29.5 to 29.8 GHz. The satellite transponder returns communications signals to earth from 19.2 to 20.2 GHz. Again, LET can receive over the entire band, but the modulated test signal is translated to 19.8 to 20.1 GHz.
During experiments with LET, the payload will be configured in the MSM mode of operation.
Uplink communications signals are downconverted on the satellite from the 2g to 30 GHz band to the 3 to 4 GHz band. Any satellite receiver is electronically connected to any satellite transmitter by means of a 3 by 3 switch matrix thereby interconnecting all spot beams.
This matrix is an array of dual gate gallium arsenide field effect transistor microwave switches.
A ground based computer controls the crosspoints in the MSM which routes the communications signal.
The satellite transponder upconverts the 3 to 4 GHz signal to 20 GHz after the MSM for the TWT transmitter.
Capabilities of LET
The initial phase of the ACTS experiments program will be dedicated to verification of new technology developed during the program.
LET will be the only means by which t,n t.o.qt,cort._n _noe_,_ nf t.h,_ A_.T_ 30 GHz is severe.
The LET transmitter has the capability to deliver up to 40 W of RF power to the antenna, the level of which is computer controlled by adjusting the transmitter drive level. Experimental algorithms are installed on the control computer to maintain LET communications with the satellite.
A beacon signal level from the satellite is monitored so that when the received signal is reduced by atmospheric effects to a predetermined threshold, the transmitter power is increased by adjusting the drive level. Calculations of propagation losses to the satellite at 30 GHz indicate that less than 10 W of transmit power at the antenna is required to achieve communications with the satellite on a clear day leaving the excesses power available to compensate for rain fade conditions. A p-in diode attenuator under computer control sets the drive level to the TWTA.
Experimental algorithms monitoring the measured rain fade attenuation will adjust the p-i-n diode attenuation to compensate for the additional propagation losses. Independent experimenters can load their own rain fade compensation algorithms that sense and act on rain fade events.
Calculations
show that LET can continue reliable data reception even when rain adds 12 dB of attenuation during severe downpours.
The maximum 40 W transmitter output power enables LET to maintain a LET hasan RF internalloopbackpath that will be usedto monitor the health of LET components.Output from the transmitter is attenuatedanddownconverted for input to the receiver.Experiments using LET canbesimulatedon the groundbefore ACTSsatelliteresources arecommitted.
Performance Testing
Testing of LET has taken place at three different levels to ensure that LET performance characteristics meet design goals.
Individual parts were tested upon delivery to NASA Lewis, for example RF components are tested on an Analog Network Analyzer to verify S parameter performance. Parts were assembled into major subsystems that provide basic functions of LET. These major subsystems were examined on an Analog Network Analyzer in addition to special testing such as BER performance.
2 The major subsystems were finally brought together during the recent integration phase of the LET program. Performance testing of LET at the system level utilized the RF loopback path internal to LET.
Uplink transmit power is provided by a Hughes Traveling
Wave Tube Amplifier. Dynamic characteristics of the TWTA alone in Fig. 2 (a) show a saturated output power of over 49 dBm (85 W) which exceeded our 65 W specification.
This value corresponds to a input power level of-6 dBm (0.5 mW). Gain at saturated operation is then 55 dB and increases to 60 dB when the input power is reduced into the linear region (see Fig. 2 LET support of the technology verifications experiments is naturally focused on the MSM mode of operation.
Transponder frequency response will be measured for a variety of paths through the payload.
Ideally every path would be examined, but time considerations may limit the number of tests performed.
The measured frequency response as observed on the ground will be used to determine 1 dB bandwidth, 3 dB bandwidth and gain ripple of the transponder paths. Archived beacon signal power levels will be used to separate propagation effects from transponder effects. A minimum 1 dB bandwidth of 900 MHz is the specified for the payload, but 20 GHz beacons at the top end of the downlink frequency band (see Fig. 10 ) reduce LET's practical system bandwidth to an estimated 800 MHz.
A subset of transponder paths from above will be tested for BER performance using inherent LET capability. Burst rates of both 220 and 110 Mbps will be routed through the transponder. The return signal from the payload will be examined for bit errors to determine the accumulated effects of the pro W agation path and the transponder on the quality of the communications path. Some degradation is naturally expected, but the amount of degradation is not know with any certainty at this time. Transponder paths exhibiting unwanted large amplitude gain ripple would affect BER performance severely. 4
The dynamics of the MSM will be examined by observing a simple carrier tone routed through various crosspoints.
Switch states of the MSM will be programmed to enable or disable the downlink signal to LET.
Since LET is a unique ground terminal, the verification experiments are limited in this area. LET will record transition from one switch state to the next as downlink signal is observed from the ground. Switch state transition timing is expected to be 100 nsec. Transition timing and distortion due to any overshoot that may be present are parameters that are of interest.
Transponder
resources can be shared such that two independent communications modes are established through the satellite. The MSM mode which LET uses will be tested with swept frequency response and BER meaurements while the baseband processor mode is also running.
There is not expected to be any degradation of either communications mode, but the measurement data will be examined for crosstalk effects on swept response and BER performance.
Independent
Experimenter Interface . 10 ).
Prior to any experiment, configuration of the LET RF equipment will take place using computer control. Independent experimenters can design the configuration to be static or dynamic during the experiment.
An example of dynamic configuration is executing rain fade compensation software while an independent experiment is running. Computer archiving can record instrument measurements, such as power level, for future examination. 
